With three clones of Spironucleus muris (S. muris)-established from a mouse, hamster, and rat -homologous and heterologous host species were experimentally infected. Each host was susceptible to the clone originating from the homologous donor. In addition, both mice and hamsters were susceptible to the reciprocal heterologous clones. In contrast, infections of the rat with both heterologous clones were very poor, i.e. quantitatively low and ephemeral. It was not possible to infect hamsters and mice, not even athymic, with S. muris from the rat. This suggests a strain heterogeneity within the genus S. muris. In general, the genetic background of the host influenced the infection, the sex of the host did not.
For many years S. muris was taken for a harmless commensal in the intestine of mice, rats, and hamsters. Since 1969, there have been many reports of increased mortality in young infected mice, and under certain circumstances, also of adult mice (Meshorer, 1969; Sebesteny, 1969; Boorman et 01., 1973a,b; Wagner et 01., 1974; Exon et 01.,1975; Matthiesen et 01.,1976;  Flatt et 01., 1978) . Keast & Chesterman (1972) as well as Ruitenberg & Kruyt (1975) reported that mice infected with S. muris showed a substantially altered immunologial response. Received 8 May 1989; accepted 29 November 1989 S. muris occasionally penetrates the lamina propria (Brugerolle et 01., 1980) and in heavily infected animals it can induce severedesquamation of the epithelium, subepithelial oedema, accumulation of inflammation cells and degeneration of enterocytes (own experience).
As a result of these reports, the flagellate is now considered a facultative pathogen. Adult mice are generally asymptomatic carriers of the parasite. During pregnancy and lactation an increased excretion of cysts with the faeces occurs (Kunstyf, 1978) .
Until now little was known about the life cycle of S. muris. Unlike Giardia spp. only one trophozoite hatches from the Spironucleus cyst (Haberkorn, 1982) . The site and mode of reproduction remains unknown.
As for the host specificity, the reports that have been published are contradictory. By placing the animals in the same cage it was possible to transfer Hexamita muris (obsolete designation) between mice, hamsters and rats (Saxe, 1954) , from mice to rats (Sebesteny, 1974) and from golden hamsters to mice (Sebesteny, 1979) . Though Kouchakji (1985) reported that rats with sufficient contact with infected mice escaped infection and, in our laboratory (unpublished observations), it was not possible to infect athymic nude mice with Spironucleus cysts from European hamsters (Cricetus cricetus).
The aim of this study was to verify under defined conditions the host specificity and, consequently, the possibility of cross contamination of Spironucleus sp. in different animal species. Two inbred strains of mice and rats, one presumably sensitive and one resistant (Brett & Host specificity of Spironucleus muris Cox, 1982) , were used. As there is no in vitro method for cultivation of Spironucleus sp., in vivo experiment remains the only viable method at present.
Materials and methods
Clones of S. muris A single fresh cyst was isolated from the faeces or intestinal content of a naturally infected mouse, rat, and golden hamster using a micromanipulator (Stach an & Kunstyf, 1983) . A 3-to 5-week-old, flagellate-free, homologous host of each species(a Ztm : NMRI nu/nu mouse, a Han: AURA golden hamster, and a Han: LEW rnu/rnu rat) was infected by the intragastric application of a single cyst (Stachan & Kunstyf, 1983) . These animals served as donors of cloned S. muris strains. Table 1) Animals less than 6 weeks old, i.e.-before reaching their immunologic maturation, originating from SPF-stocks, and monitored 4 times a year for the presence of protozoa and other pathogens (Kunstyf, 1988 (Kunstyf, , 1989 were used. Golden hamsters (kindly supplied by Dr Sickel, Zentralinstitut fUr Versuchstierzucht Hannover, who has just started a colony free of Pasteurella sp., Spironucleus sp. and Giardia sp.) represented an exception: they were not free of Tritrichomonas spp. Four males and 4 females of mouse strains DBA/2Ztm and C57 BL/6JZtm, and of rat strains ACI/Ztm and LEW /Ztm, were divided in single sex groups. The golden hamsters originated randomly from one or two litters, and were grouped regardless of sex. In total 56 rats, 48 mice and 25 hamsters were used. Cysts of each of the three clones were transferred intragastrically to two inbred strains of mice (C57 BL/6JZtm and DBA/2Ztm), two inbred strains of rats (ACI/Ztm and LEW /Ztm), and one outbred strain of golden hamsters (Han: AURA). In addition, 8 athymic Ztm: NMRI nu/nu mice were used as recipients for the Spironucleus clone from the rat. Mice and golden hamsters were infected with approximately O' 5 million cysts in the form of faecal or intestinal homogenate of donor animals. Rats received approximately 1 million cysts each.
Recipients (see

Housing conditions
Polycarbonate Macrolon cages, size II or III, with wire lids, were arranged in a laminar air flow bench, subdivided through vertical walls in four separated compartments to prevent cross infections, standing in a room with a natural light cycle. The temperature was 22°to 24°C, relative humidity between 50 and 600/0.The animals were fed a standard pelleted diet (Altromin 1314) and untreated tap water from drinking bottles ad libitum.
Monitoring
Each experiment lasted 4 weeks. Starting at day 3 p.i. fresh faeces from each animal were collected three times a week and checked microscopically for cyst excretion (phase contrast optics, X 500). Approximately 1 mg faeces and 20 ILlsaline were mixed on a slide and covered with a cover slip. The cysts were counted in 20 randomly selected fields (semiquantitative Schagemann et al. evaluation; Kunstyr, et al., 1977) . The semiquantitative assessment of white blood cells, compared with the simultaneous determination of the absolute quantity of these cells using a haemocytometer showed that one cyst per field was correlated to 2 million cysts per 1 g faeces (= proof-limit).
Four weeks after infection the animals were necropsied and the presence of Spironucleus trophozoites in the small intestine was evaluated. Preparations of the mucous membrane (10 segments of the small intestine of each animal) were inspected with phase contrast x 500. If trophozoites were found, they were counted by semiquantitative evaluation.
Statistical analyses
The differences of cyst excretion' between the groups were tested using Student's t-test for unpaired observations.
Results
In contrast to nude mice (donors of cloned S. muris strains) that showed mild signs of as. muris infection, i.e. slightly enlarged abdomen and moderate chronic enteritis, none of the recipients showed any clinical signs.
The microscopical results are summarized in Table 1 . The degree of host specificity of S. muris is shown in Table 2 .
Transfer of S. muris cysts from mice (Fig. 1) Both strains of mice as well as the golden hamsters were susceptible. The C57 BL/6J mice excreted significantly higher amounts of cysts than the DBA/2 mice (P::50·Ol). None of the DBA/2 mice and 3 of the 8 C57 BL/6J mice carried trophozoites in the small intestine at the end of the experiment. Golden hamsters excreted high numbers of cysts. Nine of 10 animals carried trophozoites 4 weeks after infection. So the excretion of these heterologous animal species was
Cryopreservation of Spironucleus clones
Cysts were cryopreserved in a medium (NCTC 135) containing 30/0 BSA and 10% DMSO. Aliquots of 1 ml were equilibrated at 22°C for 1 h, frozen at a cooling rate at approximately 1°C/min, and stored in liquid nitrogen. The cysts were revitalized at 37°C in a water bath after 3 months. Transfer of s. muris cysts from rats (Fig. 3) Both groups of rats excreted small numbers of cysts and all of them carried trophozoites at the end of the experiment. In LEW rats the amount of trophozoites was slightly higher than in ACI rats (although not significant). In both groups of mice and in the golden hamsters neither cysts in the faeces nor trophozoites in the small intestine could be detected.
was significantly higher than that observed for the heterologous hosts (P~0'001). Transfer of S. muris cysts from golden hamsters (Fig. 2) The golden hamsters infected with a clone from the homologous host species excreted high numbers of cysts. All carried trophozoites at the end of the experiment. Six of the 8 C57 BL/6J mice excreted cysts. In one animal trophozoites were found at the end of the experiment. One cyst was detected in only one DBA/2 mouse. Six of the 8 animals carried trophozoites 4 weeks p.i. None of the ACI rats and all LEW rats excreted cysts.
In both groups trophozoites were found in the small intestine in 6 of the 8 rats. With regard to S. muris from the hamster, the level of cyst excretion by the homologous host species
Comparative investigations using counting of white blood cells in a haemocytometer, revealed that the limit of detection was about 10 5 cysts per g faeces. To make the results more reliable, we additionally examined 5 to 20 segments of the small intestine of every animal at the end of the experiments. In fresh preparations even single trophozoites are easily detectable because of their typical movement. The proof-limit was hence lowered and results were more reliable.
By establishing clones of S. muris, a transfer of a mixture of cysts originating from different animal species could be avoided. This method, adopted for intestinal flagellates (Stach an & Kunstyr, 1983) made more exact results possible than could be achieved earlier (Saxe, 1954; Sebesteny, 1974 Sebesteny, , 1979 . The disadvantage of this method is that, depending on the pathogenity of these cloned flagellates (which can differ), experiments with other clones may produce differing results. The S. muris clone from the golden hamster showed no host specificity, i.e. homologous and heterologous recipients could be infected (Table  2) . Though the cyst excretion of the LEW rats was very poor and the ACI rats did not excrete any cysts, 6 of 8 animals in both strains carried trophozoites in the small intestine at the end of the experiment.
Also the infection of the mice was poor. Only one of the 8 DBAI2 mice and 6 of the 8 C57 BL/6J mice excreted cysts. Six of the DBAI2 mice and one of the C57 BL/6J mice carried trophozoites. and carried trophozoites at the end of the experiment.
With S. muris of the mouse, mice and hamsters could easily be infected but it was very difficult to infect rats. In only one of the 8 LEW rats a small number of trophozoites could be detected. Corresponding to Kouchakji (1985) it can be concluded that a transmission from mice to rats is most probably not possible under natural conditions. The Spiro nucleus clone from the rat has a very high host specificity (Table 2) . Neither hamsters nor mice, including the generally very susceptible nude mice (KunstYf et al., 1977) , were susceptible to experimental infection with the rat clone.
In conclusion, it seems that Spironucleus spp.
can be divided into two main groups. The first group is infective for mice and golden hamsters. Rats are only slightly susceptible to it. The second Spironucleus group is exclusively infective for rats.
This could explain the relatively low prevalence of S. muris in laboratory rats in general (own unpublished experience). Additional experiments with other clones of the different host species are, however, necessary to prove the existence of this second group and to confirm the hypothesis on species heterogeneity within the genus Spironucleus similar to the situation within the genus Giardia (Grant & Woo, 1978; Meyer, 1985 
